Introduction
Pregnancy and childbirth are significant events in a woman's life. Childbirth is associated with complex physiological, psychological, and social interaction. Extreme labor pain, complicated prolonged labor, and a sense of lack of control are known to traumatize the childbirth experience and lead to postpartum depression (PPD), which affects the health of mothers and their newborns and is associated with long-term psychological and socioeconomic impact. 1, 2 PPD is defined in the Diagnostic and Statistical Manual for Mental Disorders as major depression with postpartum onset with episodes of depression beginning within 4 weeks of giving birth. 3 PPD is significant as it may last up to 6 months after delivery with significant public health impact on maternal health and child development. 4 The incidence of PPD varies between studies depending on the time of survey postdelivery and population being investigated. PPD occurs in ~10%-20% of females in the US 5 and ~8% of females in Singapore. 6 A recent study assessing depressive symptoms using Edinburgh Postnatal Depression Scale (EPDS) in parturients at submit your manuscript | www.dovepress.com
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suhitharan et al third trimester of pregnancy and 3 months postpartum by Verreault et al 7 reported a higher rate of depressed mood up to 16.4% at 3 months postpartum. Another prospective cohort study in parturients admitted for a vaginal delivery by Ding et al 8 reported the incidence of PPD was 24.3% at 6 weeks postpartum, when PPD was defined by a score of 10 or more on EPDS. Contributing factors for development of PPD are multifactorial, including psychological, physical, social, and obstetric factors. 9, 10 These factors include pain vulnerability and severity pain during childbirth, analgesic technique used during labor, and psychological and genetic susceptibility of the woman. 9, 11 Pain during childbirth has been described as one of the worst pain females may experience in her life. 12 A longitudinal cohort study analyzing 1,288 deliveries in the US tertiary care center reported that one of five females after cesarean delivery and one of 13 females after vaginal delivery suffer from severe acute pain. 13 The same study also identified severity of acute postpartum pain as an independent risk factor for development of persistent pain and depression. Previous studies have identified a strong link between the intensity of labor pain with posttraumatic stress and mood disorders in the early postpartum period. Soet et al 14 described pain during labor was correlated with the development of posttraumatic stress disorder. Studies evaluating the severity of labor pain in the early postpartum period also found the correlation with postpartum blues 15 and PPD. 11 An earlier study by Hiltunen et al 16 found that females who received epidural or paracervical block during their labor had lower depressive scores in the initial week after delivery compared with having no analgesia at all (odds ratio [OR] 0.25, 95% confidence interval [CI] 0.09-0.72). However, paracervical block is rarely performed limiting its applicability to daily routine practice. On the other hand, these early results are consistent with the idea that more complete pain control (using epidural analgesia) may reduce PPD.
With modern obstetric practice, females have several pain relief options during childbirth. However, the implications of analgesic choice may have greater effect than pain relief itself. Epidural analgesia is considered to be the gold standard of pain relief during labor. This procedure effectively blocks the pain transmission through the spinal cord and yet allows mothers to participate fully in the laboring process with no sedation. In a recent prospective cohort study, Ding et al 8 reported that epidural analgesia is associated with lower occurrence of PPD compared with those who did not receive any labor analgesia.
Parturients undergoing childbirth have several analgesic choices including epidural, opioid, and Entonox analgesia in current practice. As Ding et al 8 We sought the following data from the available medical records: baseline data including age, weight, height, body mass index, and race. Socioeconomic status such as occupation, education level, type of housing, marital status, and number of children were self-reported. Obstetric history including parity, gestational age, and history of obstetric complications in current pregnancy including premature rupture of membrane were collected.
Intrapartum data including method of induction of labor, mode of labor analgesia, duration of first and second stages of labor, mode of delivery, and numeric rating scale pain score (11-point scale: 0 being no pain and 10 being the worst pain imaginable) on admission to labor ward and after delivery, occurrence of maternal pyrexia were documented.
The patients who came for routine postnatal consultations at the obstetrics clinics were screened and recruited via the postnatal screening program conducted by the Department of Psychological Medicine. Controls were obstetric patients who scored ,7 on the EPDS. Cases were defined as patients 
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Mode of analgesia and risk of postpartum depression with confirmed clinical diagnosis of PPD as assessed at the outpatient clinic by board-certified psychiatrists using the Diagnostic and Statistical Manual for Mental Disorders criteria for major depression of postpartum onset. 17 These patients were referred from screening in the clinic or from the obstetric wards. Patients with psychotic disorders, comorbid predominant anxiety, or substance abuse were excluded. We used the Chinese version of EPDS validated in Singaporean peripartum females, if females could only speak Chinese. 18 Data were summarized by cases (PPD) and controls (non-PPD) using mean (standard deviation) or median (range) for continuous variables as appropriate and number (proportions) of patients for categorical variables. OR together with corresponding 95% CI were used to characterize the association between PPD development and demographic, maternal medical history, perinatal, analgesic, and psychological factors. Unadjusted and adjusted ORs were estimated using univariate and multivariate logistic regression analysis, respectively. The multivariate analysis was performed based on factors identified by univariate analyses with P#0.2. Significance level was set at 5%, and all tests were two-sided. SAS Version 9.3 software (SAS Institute Inc., Cary, NC, USA) was used for the analyses.
Results
Our data with a total of 744 patients who have delivered during the November 2010 to October 2013 and attended postpartum psychological assessment were reviewed in the study. Two hundred and fifty-four patients were excluded due to lack of labor analgesic data and eleven due to lack of confirmed PPD status. Data obtained from 479 patients were used for the analysis. There were 62 cases of PPD and 417 controls (without PPD) assessed within 4-8 weeks after childbirth.
The mean age (standard deviation) of the patients was 31.2 (4.9) years (range 19-48) ( Table 1) . Four hundred and seventy-two of 479 females (98.5%) were Chinese. Almost all females were married; only one woman was single. Seventy-five percent of females had a university education, 23.8% had middle education such as secondary school or junior college, and 1.5% had basic education of primary school level. Sixty-three percent of these females had their pregnancy planned, while 37% did not plan their pregnancy. Sixty-two (12.9%) patients were diagnosed with PPD. Univariate logistic regression analysis indicated that PPD was not significantly associated with females with high/ low economic status and high/basic education background, but was significantly associated with increasing age and number of children. Table 2 shows 47 mothers (9.8%) had medical complications during pregnancy. Among which, 33 females (6.9%) had gestational diabetes mellitus and 14 females (2.9%) had pregnancy-induced hypertension. However, there was no statistically significant difference between healthy mothers and mothers with medical complications in the outcome of PPD. Almost 10% of mothers with PPD had a medical condition (diabetes mellitus, hypertension, and thyroid disease), whereas this number was much lower, 1.4%, in the group without PPD. A univariate analysis showed that females who had a history of peripartum depression or depression in the past were more likely to develop PPD. Sixteen out of 26 patients (61.5%) with a history of previous peripartum depression developed PPD, while only 46 out of 452 patients (10.2%) without past history of peripartum depression developed PPD during this study period. Similarly, six out of nine patients (66.7%) with past history of depression would develop PPD compared with 56 out of 469 (11.9%) patients without past history of depression would develop PPD.
The mode of delivery, whether it was vaginal delivery, instrumental delivery, or emergency Cesarean section, was not associated with increased risk of PPD (Table 3) . Perinatal events such as maternal pyrexia and premature rupture of membranes were not found to increase the risk of PPD. The duration of second stage of labor was significantly shorter in case group compared with control group. The numeric rating scale pain scores were similar between the PPD group and that of non-PPD group. Univariate logistic regression analysis showed that older age, multiple births, expected childcare by self/partner, any preexisting medical condition, any previous peripartum depression or any depression, any family history of depression, use of epidural and pethidine during epidural analgesia increased the risk of PPD. These risk factors and other potential confounders (P#0.2) were considered for the multivariate logistic regression. Table 5 shows multivariate logistic regression analysis identified five independent risk factors for PPD. The absence of epidural analgesia was associated with higher risk of depression (adjusted OR 1.95, 95% CI 1.04-3.66, P=0.0367). Increasing age was associated with higher risk of PPD (adjusted OR 1.56, 95% CI 1.15-2.14, P=0.005, for every 5 years increase). Other psychological factors associated with higher risk of PPD were family 
Discussion
Our study found that the odds of PPD were lower in females who received epidural analgesia for labor compared with those who chose nonepidural analgesia. We found a very strong association between development of PPD and previous history of depression or PPD and family history of depression.
Predisposing effect of these psychiatric risk factors has been well established and proved to be independent risk factors for PPD. 10, 19, 20 Our finding of association between increasing maternal age and higher risk of PPD (OR 1.56 for every 5-year increase) is similar to the finding of Canadian community health survey, which identified the prevalence of depression in females who had recently delivered was significantly higher in females aged 40-44 years than in females aged 30-35 years (OR 3.72, 95% CI 2.15-6.41). 21 This could be due to the fact that older females have higher rates of multiple births and pregnancy complications, such as high 
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suhitharan et al blood pressure and diabetes, which is associated with higher risk of PPD. We also proved the well-established independent psychiatric risk factors 10, 19 for the development of PPD, which includes family history of depression, history of depression, and previous history of PPD. The independent association between absence of labor epidural analgesia and development of PPD was confirmed using multivariate regression analysis including other risk factors such as maternal age and the above-mentioned psychological factors.
The main strength of the study is use of clinical assessment, which is the gold standard for the diagnosis of PPD. 6 This would explain the lower overall rate of PPD in our study population (12.9%) compared with the reported incidences of 24.3% from Asian study 8 and 19 .2% by a systematic review on incidence and prevalence of PPD. 22 Most of these studies used EPDS to diagnose PPD. However, the researchers should note that the EPDS is not a diagnostic instrument, but rather a screening tool to detect depression in the postpartum period. Furthermore, a positive score could reflect a transient mood change rather than a depressive illness 4 and eventually overestimate the incidence of PPD. A cutoff score of 12 or 13 is typically used for "probable depression", and as a marker for major depression, whereas a cutoff score of 9 or 10 is used for "possible" or minor depression. 23 We found that the odds of PPD was lower in 10.0% (33/329) of females who received epidural analgesia compared with 19.3% (29/150) of those who choose nonepidural analgesia (OR 0.47 (0.27-0.8), P=0.0078). Furthermore, absence of epidural analgesia was identified as a factor that could almost double the risk of developing of PPD. Our finding is consistent with the observational study by Ding et al, 8 in which PPD occurred in 14.0% (15 of 107) of females who received epidural labor analgesia and in 34.6% (37 of 107) of those who did not have any analgesia (P,0.001). They also found epidural analgesia was associated with a decreased risk of PPD compared with having no analgesia at all (OR 0.31, 95% CI 0.12-0.82, P=0.018). 8 However, our study methodology is different from Ding et al 8 and Hiltunen et al. 16 First, the diagnosis of PPD was made clinically by psychiatric specialist. Second, the above studies compared the effect of epidural analgesia on PPD with no analgesia at all. But we compared the epidural analgesia with nonepidural labor analgesic techniques such as Entonox or pethidine that replicates the real modern obstetric practice in many centers for labor analgesia, which is the strength of our study. Limitations of our study are first due to the case-control design, where the exposure or outcome assessment maybe limited by recall bias of self-reported data during the psychiatric assessment and effect of unknown confounding factors. Most of the data during the labor were obtained from maternal monitoring chart, case note documents, and epidural charts. This would minimize the effect of recall bias. The clinical diagnosis of PPD by a specialist psychiatrist than EPDS will further reduce the effect of recall bias on the outcome. We had to exclude nearly one-third of the medical records reviewed to ensure the data accuracy. However, we managed to analyze 479 patients who provided adequate information and analysis for this case-control design. Furthermore, we cannot determine the causal relationship of epidural analgesia on development of PPD with this study design. The majority of our study population are Singaporean Chinese females (98.5%) and no conclusions regarding females with different ethnic or socioeconomic groups may be drawn from this result. Lastly, we did not assess the psychological responses during labor that might be an important confounder. A woman who requested for epidural analgesia may have feelings of fear and insecurity, which might lead to increased risk of mood and depressive symptoms. The postpartum psychological assessment was done at 4-8 weeks with a median of 5 weeks postpartum and there is a possibility we could have missed detecting mild early PPD that resolved spontaneously during the psychological assessment.
Our study also showed other nonepidural labor analgesic techniques, like Entonox, mode of delivery, and pain scores after delivery, which were not associated with the development of PPD. The use of intramuscular pethidine may be associated with higher chance of development of PPD on the univariate analysis. This interesting finding corresponds to the published evidence from Robson and Kumar, 24 who found poor maternal affection toward the new born and Mohammad et al, 25 who described a significant association between development of PPD and pethidine use.
Conclusion
We conclude that use of labor epidural analgesia is associated with a reduction of the odds of PPD compared with Mode of analgesia and risk of postpartum depression nonepidural labor analgesic methods. Furthermore, absence of labor epidural analgesia is associated with the development of PPD. Prospective studies with larger sample size and a clinical confirmation of PPD is required to confirm the impact of epidural on PPD. These findings might help develop preventive strategies to decrease PPD through targeted evaluation and intervention. Further research is required to enable obstetricians and the anesthesiologists to have an evidence-based discussion with the pregnant females and the choice of epidural analgesia for labor pain.
